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DV=VYT_c ³ ÀñcfJ#J {¤ÃÄDFEbJ+IJ[EHVwv}vHRJjxc!¤jV?IbQHRS[JvwRS;J#jJ#QbZaJ/c!RWQ½[lEb][P[EbJ+]YTS`HJ+V^CvwJjlRS]^[RWYJ#c
]YjJZaV?ItH`w[J/vJaH]YZa[TWeÀ¤`Ht[VÐjlVY`bQbvwRWQHXJ#jjlVYjxcxÃ]^QuvX?JQHJ#jl]YTSTWe·RSQ°]%IVYjlJJZaRWJQ5[ ¶ ]µe?Ä+DFEbRWc
R_ctb]Yjf[lRWZ`HT_]^jlTSe[lj`bJ ¶ EHJQ·X?jl]?vwRSJ#Q5[lcUÀ1cJa[xcVYtb]Yjf[lRW]YT²vwJ#jRW][RWYJ/clÃC]YjJ[lVguJZVYItH`w[lJ#v"ÄCr Q·[EbRWc









VYU[EHJJawR_cn[lRSQbX[V=V?TWc%]^Qbv [EHJ#RSj¤`HQbZa[RWVYQb]YTSRS[RWJ#c#Ì\=R_cfRS[%[EHJ ¶ J#g tb]YXYJ½VY[EHJÁ$VYItH`H[l][lRSV?Qb]^T
!RS;J#jJ#Q?[lRW]^[RWVYQ%ikjVYmnJ#Za[C][pjlXYV?QHQHJP~\][lRSV?Qb]^TÉ²]YguV?jl]^[V?je][ Ñ sÉ ÒÏÄ9DFEbJ\[lEHjJ#J\I]^RWQcVY`bjlZJ[lV½cfV?`HjxZaJ[V=V?TWcURWQ ¶ EHR_ZxE¢[EHJ(jJ#YJjxcJ+IVwvwJEu]YcUg;JJ#Q°RSItHTWJIJQ5[lJ#v]YjJ?Ê+ÙPvwewccOJ½ÀñcfJ#JS/¤ÃÌ
i-]?vwjJµK¦À1cJJ {Y{¤ÃÌDp!Æ}Á'ÀñcfJ#J K¨ÃaÄ p QHJ ¶ ce=cf[J#I [lV°guJ}Z#]^TWTSJ/vZ]^TWTWJ#vpvµmnRS¤VYj(R_c`HQuvwJj
vHJYJ#TSV?tHIJQ5[À1cJJ ¤ÃÄ ¼EHJ#jJ/]Yc]^`w[lVYI][lRWZ#]^TWTSeXYJ#QHJjx][lJ#v¢jlJYJ#jlcJZaVwvwJ/c ¶ VYjlÎ ¶ JTWT$V?QcI]YTSTC]^QbvI+J/vwRW`HI cfRWÂJ/v
tbjV?gHTSJ#IcU[EbJe[ne=tHRWZ#]^TWTSeQHJ#J#v¢[lV½guJ([`HQbJ#v]YQbv¢VYtH[RWI+RWÂJ/v°VYQjJ/]^TWTSeTW]YjX?J(]^tHtbTSR_Z]^[RWVYQbc#ÄÙ\
tu]^j[R_Za`HT_]^jZaV?QbZaJ#jQ%R_cC[EHJUI]^Qu]^XYJ#IJQ5[CVY[lEHJUt;V^[J#Q5[R_]^TWTSe?JjleT_]^jlXYJPI+J#IVYjlejJ/h?`bRSjlJIJQ5[/Ä
DFEHJCÎ=QHV ¶ TWJ#vwX?JÅV^b[EHJCtHE=ewcfR_Z]YT?tHjlVYgbTSJ#I g;JRWQHXPIV=vHJTWJ#v"Ì ¶ EHR_ZxER_cJawtHTWVYRS[J/vURSQ+Eb]YQbv ¶ jlR[lRSQHX
vHRWclZajlJa[lJF]?vµmnVYRWQ5[ÅZaVwvwJ/cÌYZ#]^QHQbV^[k`bc`b]^TWTSeguJJ=[jx]YZ[lJ#v¤jV?IÈ[EbJ\ZaVwvwJFg=e]Y`w[V?I]^[R_Z$[V=VYT_cÄr­[Å]^T_cV
cEHV?`HTWv+g;J\QHVY[J/v+[Eb]^[ÅtHjlVYXYjx]^IIJjxcRSQZaVYII`HQHRS[RWJ#c ¶ EHJ#jJ!]YvµmnV?RSQ5[lcÅ]^jlJ ¶ RWvwJ#TSe+`bcJ#v]?vwEHJjlJF[V
ZJj[l]YRSQ}ZVwvwRSQbXZaV?Q=YJQ5[lRSV?QbcÌ ¶ EHR_ZxE]YjJQHV^[PeYJa[JawtHTWVYRS[J/vÐg=e½]^`w[lVYI][lRWZvwRS;J#jJ#Q?[lRW]^[RWVYQÐ[lV=VYT_cÄ
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Ù!QP[lEHJ9V^[lEHJjEb]^Quv"Ì/p!vHJYJ#TSV?tuJ#jlcEu]µYJkcn[l`bvwRWJ#vUQbJ ¶ [jx]YvwJÏVYguJ[ ¶ J#JQUIJIV?jeP]^QbvPJawJ/Za`w[lRSV?Q
[lRSIJUjlJ#h5`HRWjJ#IJQ5[lc ¶ EHR_ZxE·I]µeg;JU`bcJ#v[VEHJ#TStÐ]?vµmnVYRWQ5[\vwJ?JTWVYt;JjxcÄ
DFEHJPtHjx]YZa[R_Z]^TuÎ=QHV ¶ TSJ/vwXYJVYvwR_cZjJ[J\]?vµmnVYRWQ5[CvwJ#YJ#TSV?tuJ#jlc$]YvHvwJ/v[V[EHJ![J/ZxEHQHR_Z]YTbÎ=QHV ¶ TWJ#vwX?J
VYp!yvwJ#YJTWVYt;JjxcCI]µeTSJ/]Yv([VXYjlJ#]^[RSItHjlVYJ#I+J#Q5[lcCRSQ[EbJ[ ¶ V]^tbtHjV5]YZxEHJ/cÄ
r QÐ[lEHR_c!vwVwZ`HIJQ5[#Ì ¶ JcfEHV ¶ vwRS;J#jJ#Q5[!jlJ#cJ#]^jxZxE·vwRSjlJ#Za[RWVYQbc[Eb]^[!]^RWI][\I]YÎ5RWQHX[lEHJ  

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 V^+]^`w[lVYI][lRWZvwRS;J#jJ#Q?[lRW]^[RWVYQ ]^tHtHTWR_Z]^gbTSJ}[VjJ/]^TWTSeT_]^jlXYJZaVwvwJ#c#Ä DFEHR_cÐvwVwZa`HIJ#Q?[·R_c%]
ZVYItHRWTW]^[RWVYQV^Ja=[lJQbvwJ/v]^gbcf[jx]YZa[lc-tHjlJ#cJQ5[lJ#v][9[lEHJ\]Y`w[V?I]^[R_ZvwRS;J#jJ#Q?[lRW]^[RWVYQcJ#clcfRWVYQ+JQ5[RS[TWJ#v
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©=d¾Å u£1ª;/£1ª ± DFEHR_cPI+J[EHVwv}TSJ/]YvHc\[V·]^QVYtw[lRSI]^T[ljl]?vwJa­V^guJ[ ¶ J#JQcf[V?jl]YXYJ]YQbv½jlJ#ZVYItH`w[l]^[RWVYQ¦V^\[lEHJ·]^jlRW]YgHTSJ/c+I+VwvwR bJ/v ¶ RS[EHRWQ]TWV=VYtdÄ¦DFEHJ·jJ#TW]^[J/vJa=[lJQbvwJ/v]Ygbcf[jx]YZ[ÐÀ1cJJ
ZaV?Q?[ljRWgH`w[lRSV?Q½tb]YXYJ}5ÃcEHV ¶ ccVYIJ½jlJ#c`HT[xcV?gw[l]YRSQHJ/v ¶ R[lE¼[EbJvwR_cZjJ[J}]?vµmnVYRWQ5[VYU]
IJa[J#VYjlVYTWVYX?RWZ#]^TZaVwvwJZ]YTSTWJ#v·Æ·J/cfVY­~
	 ]Y`w[V?I][R_Z]YTSTWeXYJ#QHJjx][lJ#v"Ä




tuV ¶ Jj]^QuvÐIJIVYjleYÌ;RSQ}[EHJ+tb]?cn[!¤J ¶ e?J#]^jxcI]YQ5e·IVwvwJT_c!Eb]µYJg;JJ#QvwJ#YJ#TSV?tuJ/v·¤VYjvwR_cn
[jlRSgb`w[J/vÐIJIVYjletu]^jx]^TWTSJ#T²ZaV?I+tb`w[J#jlc#Ä\pQ}JaH]^ItHTWJV^Å]Y`w[V?I][R_ZUX?JQHJ#jl]^[RWVYQ·V^9]YvmnVYRWQ?[
ZaVwvwJ¤jlVYI]YQV?tuJ#jl]^[RWVYQb]YTtb]^jx]^TWTSJ#TI+VwvwJ#TdR_ccfEbV ¶ Q(RWQ·ZVYQ5[jlRWgH`w[RWVYQ+tb]^X?JK^{HÄ
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DFEHJ·IJ#cV?clZ]YTSJIJa[J#VYjlVYTWVYX?RWZ#]^TÅIVwvwJ#TÆÐJ#cV^ ~ 	 RWc]YgHTSJ[V¢cRSI`HTW]^[J·][lI+V5cftbEHJjlRWZJ?JQ5[lc
jx]^QbXYRWQHX¤jlVYI
IJ#cV?clZ]YTSJvwV ¶ Q [lV¦IR_ZajlV^ cZ#]^TWJYÄ¬DFEHJ°Æ·J#cÙP!RWq¬tu]YZxÎ]^X?J ¶ ]YcXYJQbJjx][J/v[V
ZVYItHTWJa[lJ\Æ·J#cV^ ~ 	 ¶ RS[Eg;V^[lE]P[l]YQHXYJ#Q?[9TWRWQHJ#]YjÅZaVwvwJ]YQbv]^Q]YvmnVYRWQ?[ÅZVwvwJYÄkDFEHJvwRSJjlJQ5[R_][lRSV?Q




ÆÐJ#cV^ cZ#]^TWJI+VwvwJ#TWc]YjJ(vHJ#cRSX?QHJ#v¢[lVZ#]^tw[l`HjlJ(IJ#cV?clZ]YTSJtbEHJQHV?IJQb] ¶ R[lEctb][lRW]YT$clZ]^TWJ#cV^\]




jlJ#]?vwJj\RWc!jJ¤JjljJ/v[V(tu]^t;Jjxc  {?k]^Qbv {?|ÏÄ\~\V ¶ ]?vH]µewcC[EHJ/cfJ+]^tHtbTSR_Z]^[RWVYQbc!]^jlJ][f[x]^RWQb]^gbTSJ ¶ RS[E
[lEHJÆ·J/cfVY­~
	 IVwvwJ#T9À  {^Ò ­Ì  {5Ó¤Ã$[EbjV?`HXYE([EHJU`bcJUV^[EHJÆÐJ#cÙP\R_qTWRSgbjl]Yje½À S ¨ÃaÄ
DFEHJÆ·J#cÙP!RWqtb]YZxÎ]YXYJZaV?Q5[l]^RWQbc9[EHJÆ·J#cV^ ~ 	¼IVwvwJ#TÀ¤?JjxcfRWVYQ(KHÄ Ò=ÃÌ5]^Qbvg;V^[lE[EbJ[l]YQHXYJ#Q?[
TWRWQHJ#]YjZVwvwJ+]YQbv}[EHJ]YvmnVYRWQ?[UZaVwvwJ+V^$[EHJ]?vwRW]Ygb][lRWZtb]Yjf[V^9[lEHJIV=vHJTÏÄ+ikE=ewcRWZ#]^T-tb]^jx]^IJ[JjlRS
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Â/][lRSV?QbcÌ=[lEb][]YjJUvwR_cZVYQ5[RWQ=`HVY`ucÌw]^jlJQHV^[e?Ja[RWQbZaTW`bvwJ/v"Ä9DFEHJ]^`H[VYI]^[R_ZPvHRJjlJQ5[R_][lVYj\ÙPvwewclcfO#JW#9RWcPJItHTWVeYJ/vÐ[lV%t;Jj¤VYjlI [EbJ+TWRWQHJ#]YjRWÂ#]^[RWVYQ ¶ VYjlÎÐRSQVYjxvwJ#j\[lV·]µ?VYR_v·[EbJ[lJ#vwRWVY`ucP]YQbvJjljV?j
tbjV?QHJ[x]YcÎ%VY$vwRS;J#jJ#Q5[R_][RWVYQ²ÄPiV?cf[f­tHjlVwZaJ#clcRSQHXcn[lJtbcPvwJ#clZajlRWguJ/v½RWQ W/K ­Ì S? 9]^jlJU[EbJQ}`ucfJ/vÐ[V
RWItHjlVYJ![EHJUt;Jj¤VYjlI]^QbZJ#cCV^[EHJU]?vµmnVYRWQ5[\ZaVwvwJYÄ
DFEHJPT_]µeYVY`H[$V^²[EHR_cCtb]^t;JjCRWc$[lEHJ\¤V?TSTWV ¶ RWQHXbÄ-p cfRWItHTSR bJ/vXYJ#VYtHE=ewcRWZ#]^TbJ/h5`b][lRSV?Qbc$cewcn[lJI¬]^Quv
RS[lc!]YvµmnV?RSQ5[\cewcn[lJI ]^jlJvwJ#clZajlRSg;J#v·RWQ}o=J/Z[RWVYQ}KHÄFowJ#Z[lRSV?Q½{gHjlRSJ be%vHJ#clZajlRSg;J#cF[lEHJvwRSJjlJQ5[R_][lRSV?Q
¶ VYjlÎ ¶ EHJjlJ#]?co=J#Za[RWVYQ%Ò+tbjJ/cfJ#Q?[xc$[EHJIV?cf[RSQ5[J#jJ/cn[lRSQbX+RWItHjlVYJIJ#Q?[xcÅjlJ#]YTSRWÂJ/v¤V?jF[EHJU]YvmnVYRWQ?[
ZVwvwJYÄk~`bI+J#jR_Z]YTdjlJ#c`HT[xc]^jlJPvHRWctHT_]µeYJ#vRWQ·o=J/Z[lRSV?QÐ|+]YQbvÐo=J#Za[RWVYQ·+ZVYQbZTS`uvwJ#cFV?Q([lEHJU`bcl]^gHRWTSRS[ne
VY²[lEHJÆ·J#cÙP!RWqtb]YZxÎ]^X?JYÄ
    	%  $ %	-a
MPjx]YvHRSJ#Q?[xcÅZVYItH`w[x][RWVYQucÅg;J#ZVYIJ!]YQRSIt;VYj[l]^Q5[$[V=VYT;RSQ%cZRSJ#Q5[R uZ\ZVYItH`w[lRSQHXuÌY[lEHR_c$R_c$J#ctuJ/ZaR_]^TWTSe
[lj`bJ¤VYjX?JVYtbE5ewcRWZ#]^Td]YtHtHTWRWZ#][RWVYQuc ¶ EHJjlJcfJ#QbcR[lRS=RS[ne]^Qu]^TWe=cJ#cFV?j]^jlRW]^[RWVYQb]YTdvH][x]]YclcfRWIRST_][lRSV?Q




 ¼EbJQcf[`uvwe=RSQHX[EbJ+]^[IV?ctHEHJ#jR_ZZaRWjxZa`HT_][lRSV?QdÌ;[EHJ+I]^RWQ}XYV5]^T²[V·]YZxEHRWJ?JEb]Yc]YT ¶ ]µewcguJ#JQ[EHJ
¶ J#]^[EHJ#jd¤V?jJ/Z]Ycf[RWQHXuÊ;V?QHJ$]YRSIc²[V!tHjJ/vwR_Z[²[lEHJ$cf[l]^[J$V^w[EbJ$][lIV?ctHEHJjlJÅ]^¨[Jj[RWIJÄdr QVYjxvwJ#jd[V
g;JF]^gHTWJ9[lV\¤V?jJ/Z]Ycf[#ÌµV?QHJÅEb]?c[V ¶ VYjlÎ ¶ R[lE]\XYV=VwvQ=`HIJjlRWZ#]^T?I+J[J#VYjlVYTWVYXYR_Z]YTYIVwvwJTw]YQbv[VPÎ=QHV ¶
]fXYV=Vwv ³ ]^tHtHjlVµwRSI]^[RWVYQV^F[EHJcn[x][JVYF[EHJ(]^[IV?ctHEHJ#jJ]^[[RWIJÄDFEbJ(vH][x]Ð]YclcfRWIRST_][lRSV?Q




X?VYJ#jQHRWQHXJ#h5`b][lRSV?QbcCV^[EHJ]^[IV?ctHEHJ#jJvwJbQHRWQHX[EHJ"!$#&%('*)*+,.-!/'10²]^jlJ ¶ jRS[f[lJQ%guJ#TSV ¶ Ê
2 2436587"9 ;:9RWQ<=; 	 9 >: 5 @?RSQACB CVY`HQbvb]^jleÁ$VYQbvwRS[RWVYQuc( ÀñKwÄW/Ã
¶ EbJjlJ 7 RWcF]+QHVYQbTSRWQHJ#]YjCvHRJjlJQ5[R_]^gbTSJVYt;Jjx][lVYjFvwJ#clZajlRWgHRSQbX[EbJvHe5Qu]^IRWZ#c]^Qbv. ? R_cC[EbJPRWQHRS[R_]^Tcf[l]^[J?Äo=ewcf[JIÚÀñKHÄSµÃR_cdcf`btHtuV5cfJ/vP[VEu]µYJ9]`HQbRWh5`HJÅcVYTW`w[lRSV?QURSQD·ÄDFEHJQVYQHJkRWQ5[jlV=vH`bZaJ/cdVYgucfJ#j?J#v
vb][l]"EGFHJIKEFHPRWQ5[V[lEHJQ=`HIJjlRWZ#]^TdIVwvwJ#Tg=e[lEHJIJ/]^QÐV^9]ZV?cf[¤`HQbZa[RWVYQMLONQP RTSVUWXP R
c`bZxE[Eb]^[
L 9  ? : 5  Y[Z?]\^\ _ `UaEFH \^\ b 2$3  ÀñKwÄáKYÃ
[lEHJ½V?gbcfJ#j]^[RWVYQ¦VYt;Jjx][V?j _ I]Ytbc. [lVEFHµÄ r­[(R_cVYg==RSV?`bc[lEb][[lEHJ}cVYTW`w[RWVYQcad? V^[EHJIRWQHRWI+RWÂ#]^[RWVYQ·tHjlVYgHTWJI'ÀñKwÄ {?Ã$R_cF[EbJURSQHRS[R_]^Tcn[x][Jc`bZxE[Eb]^[[EHJcVYTW`w[lRSV?Q V^FÀñKHÄSµÃ H[lc]^[guJ/cn[
[lEHJUVYgucfJ#j?J#v(vb][l]+RWQ  bÌ  ­Ä
qRWQbvQ ? cf`bZxE[Eu][ e.L 9  ? : 5  ÀñKwÄ {?Ã
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DFEbJjlJJawR_cn[xc![ ¶ V%IJa[EbV=vbc\¤V?jP[EHJZaV?I+tb`w[l]^[RWVYQ}VY9[EbJ+X?jl]?vwRWJQ5[!VYCL]^tHt;J#]YjRWQHXRSQ¦ÀñKwÄ {?ÃaÌ ¶ J
jlJ#cf[jlR_Z[VY`HjFtH`bjt;V?cJP[V[EbJ]YvµmnV?RSQ5[IJa[EbV=vdÄ
§*§*§ |f\ Q\bKpZ\_TVL<N\_L`h NF ¶´\bKM\aDJIMF UWIMF LJD
É²Ja[F[EbJ]YvµmnV?RSQ5[]^jlRW]YgHTWJ  guJ[lEHJcVYTW`w[RWVYQ%V^[EHJ>!(- # +	
 +' ,  2 243 B 7  9 M: d   5 _ d 9 _  Ua EFH : RWQ ; 	    9 T: 5  RSQACB CVY`bQbvH]^jle%Á$V?QbvwRS[RWVYQbc ÀñKwÄ Ò5Ã
[lEHJQ·V?QHJtHjV?J#c  {?| "[lEb][[lEHJUXYjx]YvwRWJQ5[V^ L}R_cFXYRWYJ#Qg=e
eL 5 U  9 >:G ÀñKwÄá|YÃ
qbjV?I ]}ZaVYItH`H[l][lRSV?Qb]^T$tuV?RSQ5[V^=RSJ ¶ Ì-[EHJ%]YvµmnV?RSQ5[ZaVwvwJ(R_cRSQ5[J#XYjx][lJ#vgb]YZxÎ ¶ ]^jxvRSQ°[lRSIJ
]YTSV?QHXU]P[jx]mnJ/Z[V?je ¶ EbRWZxER_c-¤VYjlIJ#v+V^"]^TWTw[lEHJ]^TW`HJ#c9V^[EHJ]YjR_]^gHTWJ#c-VY[EHJvwRWjlJ#Z[CZaVwvwJYÄ 	J#QbZaJ
] bjxcn[Fj`bQ(V^²[EHJvwRWjJ/Z[ZaVwvwJ![Eb]^[FJ#Qb]^gbTSJ/c9[lV+c`HtHtHTWe][jx]mnJ#Za[V?je+I]µe+g;JUvwVYQbJ\g;Ja¤VYjlJ!¤VYjC[EHJ
]?vµmnVYRWQ5[RSQ5[J#XYjx][lRSV?QdÄ
 aa	-a ! 
ÆÐJ#cV^ ~ 	 R_cCvwRJjlJQ5[lRW]^[J#v ¶ R[lE(jlJ#ctuJ/Z[Å[lV[lEHJ!cf[l]^[J\]YjR_]^gHTWJ#cÅRSQuZaTW`bvwRWQHX+{ ¶ RSQuvYJ#TSVwZaRS[neZaV?I
t;VYQbJQ5[lc#ÌvwjetuVY[J#Q?[lRW]YT[lJItuJ#jl]^[`HjlJYÌC[l`Hjgb`HTSJ#Q5[Î5RWQHJ[R_ZÐJQHJ#jX?eYÌFIRwRWQHX°jx][RWV?cVY ¶ ]^[Jj/Ì#"
tu]YclcfRWYJcVY`bjlZJU[J#jIc#Ìd]^Qbv·[lEHJ+tHjJ/cc`HjlJYÄDFEHJIVwvwJ#TR_cPJ]^TW`b]^[J#v½`bcfRWQHXJawtHTWRWZR[ bQHRS[JvwRS;J#jf
J#QbZaJ/ccZxEbJIJ#cFRWQ·guVY[E%[RWIJ]^Qbv%cftu]YZaJ?Ä JZxEHV=V5cfJ%[VvwRJjlJQ5[lRW]^[J·[EbJZaVwvwJ ¶ RS[E [EHJ}]Y`w[V?I][R_Z%[V=V?TPÙPvwewccOJW#!g;J#Z]Y`bcJ½R[
J#Qb]^gbTSJ/c\`bc\[V%XYJ#QHJjx][lJU[EbJ+]?vµmnVYRWQ5[cVY`HjxZaJZaVwvwJVY$]¤V?jf[ljl]YQ}cVY`HjxZaJZVwvwJYÌ;[EbJ+vwRSJjlJQ5[R_][lRSV?Q






cn[lVYjx]^XYJFVY;[ljl]^mnJ#Za[VYjlRWJ#c-VYQ bTWJ#c#ÄkDFEHR_c9]^TWTSV ¶ ck[V]µYV?RWv[lEHJjlJ#vw`HQuvH]^Q5[ÅZaV?ItH`w[l]^[RWVYQbc9XYJQbJjx][J/v
g=e[lEHJ]^`H[VYI]^[R_ZPvHRJjlJQ5[R_][lVYj/Ä
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IKMUbXZ\aP)IL`KFH\ap
 ¼EbJQ¦[EHJ%[ljl]^mnJ#Z[lVYjle°VwZZa`btHRSJ/c][V=V¢TW]YjX?J]^IV?`HQ5[VY!IJIV?je?Ì$]¢cfV?TS`H[RWVYQ¦TSRWJ#cV?Q[lEHJÐRSI+
tbTSJ#I+J#Q5[l][lRSV?QVYF]YTSX?VYjlR[lEHIccf`bZxE¢]YcP[lEHJ(MPjlRSJ ¶ ]YQHÎÇ cZxEHJ/ZxÎ5t;VYRWQ5[lcIJa[lEHVwv K?| ÏÄr Q[lEb][Z#]YcJ
[lEHJZ]YTWZ`HT_][RWVYQ·VY[lEHJ]YvµmnV?RSQ5[\ZV=vHJURWcctHTWR[P]^Qbv·vwV?QHJtb]^j[g=e(tb]Yjf[¤jlVYI jlJ#cf[l]Yjf[t;VYRWQ5[lcZ#]^TWTSJ/v) '*)- #  + ÄqHVYjC]UXYJ#QHJjx]^Twtb`Hjt;V?cJ[lEHJ`bcJj/Ç c$]^jlgHRS[jx][RWVYQ+R_c9J#clcJQ5[R_]^Tb[VZxEHV=V5cfJFg;Ja[ ¶ JJQ[lRSIJ
]YQbvI+J#IVYjleZaVYQucf`HItw[lRSV?Qbc-cfRWQbZJ$[lEHJZxEHV?RWZJ$VY;]ZxEHJ#ZxÎ=t;VYRWQ5[-clZxEHJIJvwJ#tuJ#QbvHc-VYQ[EbJFZVYItH`w[lJj
IVwvwJ#TñÌ[EbJ(ZaV?I+tb`w[J#j]^Quv[EHJ(]YRSI V^[lEHJ(cRSI`HT_][RWVYQ²Ä·DFEbRWcguJ/ZaVYIJ/c]½Zj`bZRW]YT9tHjlVYgHTWJI¤VYj
V?tuJ#jl]^[RWVYQb]YT9À¤jlJ#]YT"[RWIJ/Ã ¶ J#]^[EHJ#j¤VYjlJ#Z#]Ycf[lc#Ä$DVVYJjxZaV?IJ![lEHJtHjlVYgbTSJ#I ¶ JUtHjV?tuV5cfJ[lEHJD ¶ R¨Á$J
]YTSX?VYjlR[lEHI WY ­Ä
§ *§ ¯F¶´\aKM\aDJIMF UWIMF LQDL`h U´\bUr#q#KML`^4pPj\aTV\
owJJS? ­Ä
§  FD]\bUrKEpZLQQ\aK
DFEbJ!qb]?cn[FqHV?`HjRWJjCD²jx]^Qucn¤V?jI jV?`w[RWQHJÀ1RSQ%Æ·J#cV^ ~ 	PÃkR_c$]UTWRWQHJ#]Yj$cJTS¨­]?vµmnVYRWQ5[$VYt;Jjx][lVYjk[lEb][FvwV=J#c
QbV^[jlJ#h5`HRWjJvwRSJjlJQ5[R_][lJ#v%jV?`w[RWQHJ/cÄCpjlXY`HIJQ5[xcF[V(]µ?VYR_v[lEHJvwRSJjlJQ5[R_][lRSV?Q%VY[lEHJcVYTWYJ#j]^jlJ
X?RS?JQRSQ áK^{]YQbv SÓ­Ä
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$	
x 
§	 \bKMh$L`KTVUDP[\ap L`hiIMj]\_NF ¶´\bKM\aDJIMF UWI\aN}P[L#N]\ap
DFEbJUfIVY`HQ5[x]^RWQ ¶ ]µYJU[ ¶ VÐvwRWIJQbcRWVYQb]YT-cRWI`HT_][lRSV?Q}[x]^ÎYJ/cPtHTW]?ZaJVYQ]·ZaVYItH`H[l][lRSV?Qb]^TkvwV?I]^RWQ
Àf# !Î=IO/|!Î=IÃ-ZaV?Q?[x]^RWQHRWQHXU]guJ#TSTbcEb]YtuJ/vIV?`HQ5[l]^RWQ ¶ R[lE]PEHJRWXYE5[9V^d|  PI ]^Quv+]Eu]^TS ¶ R_v=[E
VY9UÎ=IÀ1qRWXY`HjlJ\{5ÃÄkDFEHJ!vHVYI]^RWQRWcCvwR_cZjJ[RWÂJ/vg5ebtuV?RSQ5[xcÅRWQ[EbJ\EHV?jRWÂV?Q?[x]^THtbTW]YQHJ[lEb][F]^jlJ
vH`HtHTWRWZ#][J/v½+[lRSIJ/c\RWQÐ[EbJYJ#jf[lRWZ#]^TtHTW]YQHJYÄ!DFEHJvw`Hjx][lRSV?QÐV^k[lEHJcRSI`HT_][RWVYQÐR_c!V^ÅK  c ¶ RS[E
][lRSIJa cf[Jt·VY-K c#Ä
vwRWjJ/Z[\ZaVwvwJ [l]^QbXYJQ5[ZaVwvwJ ]YvµmnV?RSQ5[\ZaVwvwJ
jx][lRSVÐÀfÄ & _ Z Ã  ?Ä ? KHÄ 5K
D]^gHTWJKwÄWYÊkDFRWIJPjx][lRSV5cC¤VYjF[lEHJvwRS;J#jJ#Q?[lRW]^[J/vZV=vHJ#cFV^9Æ·J/cfVY­~
	
DFEHJFjx][lRSV5ctbjJ/cfJ#Q?[lJ#vRSQD]YgHTWJF{P]^jlJCTSV ¶ Jj[Eb]YQ[lEHJC[EHJ#VYjlJa[lRWZ#]^T=guV?`HQbvHc  {HÏÄ 	V ¶ J?JjI+V5cn[
VY$[lEHJ[jlR_]^T9IJa[lJV?jV?TSV?XYR_Z]^T-cRSI`HTW]^[RWVYQbcvwJ#clZajlRSg;J#vRWQ  {YÒ$vwVÐQHVY[j`bQ ¶ RS[EbVY`w[]ÐZxEHJ/ZxÎ=tuV?RSQ5[lc
clZxEHJ#I+J?Ä(qHV?jf[l`HQb]^[JTWe}c`HRS[l]^gbTSJZxEHJ/ZxÎ=tuV?RSQ5[lcU]YTSX?VYjlR[lEHIcJawR_cn[/Ìd¤VYjJaH]^ItHTWJ+[EHJjx][lRSV·g;Ja[ ¶ JJ#Q
[lEHJÁCi Ñ [lRSIJUV^[EHJZ#]^T_Za`HT_][lRSV?Q(VYVYQbJPX?jl]?vwRWJQ5[ ¶ RS[E%[lEHJ]YvµmnV?RSQ5[ZaVwvwJVYkÆ·J/cfVY­~
	 ]YQbv[EHJÁCi Ñ [RWI+JUVY[lEHJUJ]YTS`b]^[RWVYQ%V^[EHJvwRWjlJ#Z[IVwvwJT²RWcJ/h5`b]^T[lVbÊ
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Ë { ¶ EHJQ%[EbJ]^IVY`HQ5[V^-IJIVYjleR_ccf` ZRSJ#Q5[C[lVcn[lVYjlJP]YTSTd[EHJ[ljl]^mnJ#Z[lVYjleYÌ
Ë Ò ¶ EHJQ  # '!R_cF`bcJ#v"Ì
Ë |wÄ +¤VYj[lEHJ{? cfRWI`bTW]^[RWVYQÐvwJ#clZajlRWguJ/vRWQ {^Ò ¶ EbJQÐ`bcRSQbX[EHJMPjlRWJ ¶ ]^QHÎÇ c %('' ' % 1'c`HgwjV?`w[RWQHJ?Ä
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RWQ°IJIVYjleYÄÙ\[lEHJj ¶ R_cfJ?ÌZxEHJ/ZxÎ5Ït;VYRWQ5[lcU]^TWXYV?jRS[EbIc]^jlJ`bcJ#v°]^Quv°cfRWI`HT_][lRSV?Qbc ¶ RS[E]½tHE=e=cR_Z]^T
IJ/]^QHRWQHXZ#]^Qg;J[l]YZxÎ=TWJ#v"Ä¢r Qtb]^j[R_Za`HT_]^j/Ìk]^Q]?vµmnVYRWQ5[+RWQ5[J#XYjx][RWVYQZVYItH`w[lJ#v ¶ R[lE[EbJ%D ¶ R¨Á$J
clZxEHJ#I+JPR_c$V?QHTWeÒ &{IVYjlJ\Jawt;JQbcRWYJ![Eb]YQ]^Q%]YvµmnV?RSQ5[FRSQ5[lJXYjx][lRSV?QjlJ#]^TWRWÂJ#v(RSQ%]cf[jx]^RWXYE5[¤VYj ¶ ]Yjlv
I]YQHQHJj/Ä
 ²ª =Ø¿1©5® ± ¡¢©=ª;/Y DFEbRWc ¶ VYjlÎ ¶ ]Ycc`HtHt;VYj[J#v%g=e[lEHJUrn~\srnpy]YZ[lRSV?Q(¤V?j!Ù!tuJ#jl]^[RWYJr Q=YJ#jlcJÆÐV=vHJYÌ=[EbJÁ ÅÆÐsp\ÁFoÇ 5Ó+]YQbv([EHJUrnPsrfo%ZaV?I+tb`w[l]^[RWVYQb]YTdZaJQ5[lJj/Ä
÷÷ ¾¿ÁÀÁÀÁÀ
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K  ^ÒuÌ5sV?`w[JvHJ#cÉd`uZaRWVYTWJ#c FiY{?Y ?KowVYtHEHR_]pQ5[RWt;VYTWRWcqbjl]YQbZaJ
DFEHJÐZVYItH`w[x][RWVYQ¦V^vwJjlRWµ]^[RWYJ/cg=e]Y`w[V?I]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]^jlJ ¶ jRS[f[lJQ}RWQ¢qHVYj[jx]^Q²Ì;IV?jJ+tHjlJ#ZaR_cJTWe·cVYIJqHV?jf[ljl]YQ}vwR_]^TWJ#Z[URWQ}g;Ja[ ¶ JJ#QqbVYj[jx]^QÓ?Ó







ZVYQbcJ#h5`HJ#QbZaJ?Ì#vwJ#YJ#TSV?tHIJQ5[dV^H]YvmnVYRWQ?[dIVwvwJ#TWc ¶ ]Ycdjl]YjJk]^Quv!`ucf`b]YTSTWe\TWRWI+RS[J/v[VcRWI+tbTSR bJ#vIVwvwJ#TWc Ò=Ó=Ì5Òu ­Ä9DFEHJP]?vµmnVYRWQ5[CVYd[EbJP]^[IV?ctHEHJ#jR_ZIVwvwJT"]YtHtHTWRSJ/v¤VYjUÀ1Ò?v=­]^jÃ9vH]^[l]+]YclcfRWIRST_][lRSV?Q(][C[EHJ
CÁFÆ  q ZVYQbcf[RS[`H[J#c(]^QJaHZaJ#tw[RWVYQ²Ê½R[Eb]Ycg;JJ#Q¼ZaVYQucn[lj`bZa[J/v¦]YQbv¦RWcI]YRSQ5[x]^RWQHJ#v¦g=eEb]YQbv"Ä
	\V ¶ J#YJ#j!ZaV?Qbcf[jl`bZ[lRSV?Q½V^9[lEHJ]YvµmnV?RSQ5[UcfJ#JIc\[V%Eb]µYJ[l]^Î?JQ]^TWI+V5cn[U](vHJ#Z]?vwJ]^Qbv}Eb]Yccf[l]^j[J/v
g;Ja¤V?jJPp\ [V=V?TWc ¶ J#jJ ¶ J#TST;JQbVY`HX?E(vwJ?JTWVYt;J#v[lV[x]YZxÎ=TSJ\[EHR_cFZxEb]^TWTWJQHX?JYÄ9Á$V=vHJ¤VYjCJ]YTS`b]^[RWVYQVY
cJ#ZVYQbv½VYjxvwJjvwJjlRWµ]^[RWYJ/cÌ"]YcP]%ZaVYQucfJ/h?`bJQbZJV^$R[xcJYJ#Q½T_]^jlXYJjvwJ#XYjlJJVY$ZaV?ItHTSJwR[ne?Ì;Eu]YcPQHV^[
g;JJ#Q·Eb]^Qbv ¶ jlR[[JQ%¤V?jTW]YjX?JPclZ]YTSJU]^tbtHTSR_Z]^[RWVYQbc  ­Ä
sJ/ZaJ#Q?[lTSe]\Q=`HIg;JjV^bp![lV=VYT_c]YjJ$guJ#RSQHXPvwJ?JTWVYt;J#v[lEb][k]^jlJÅZ#]^tb]YgHTSJ$V^HX?JQHJ#jl]^[RWQHX\]YvmnVYRWQ?[
ZVwvwJÀÏÙPvwewclcfO#J  Ò ÏÌ=Ms ÅoHo áK^ÏÌ5DpPÆ}Á  KÏÌ5cfJ#J]^T_cfVVY[EHJ#j9ZaVYQ5[ljRWgH`w[lRSV?Qbc[V[lEHRWcÅvwVwZa`HIJQ5[ÃÄ
Ù\[lEHJj[V=V?TWcVYt;Jjx][RWQHXRSQjlJ?JjxcfJIVwvwJ·]^jlJJItHTWVe=RSQbX½VYt;Jjx][lVYjV?JjlTSV5]YvwRWQHXÐZ]Ytb]^gbRSTWR[lRSJ/cVY
Á  VYjqbVYj[jx]^Qw À1p!ÙPÉdnÁ!Ìbp! bYÌHp!ÙPÉd­qCÌHrfÆÐpPoÌ;ÙPi9DFrfÆ½p\5Ã  ÒÏÄ
Dp!Æ}Á¦ÀñD]YQHXYJ#Q5[²TSRWQHJ/]^j]YQbvUpvµmnV?RSQ5[-ÆÐV=vHJT=Á$V?ItHRSTWJj/Ì  K¤Ã"R_c²]cVY`HjxZaJñ[lV^ cfV?`HjxZaJ[jx]^QbcTW]^[V?j
¤V?jCqbVYj[jx]^QtHjlVYX?jl]YIc-[VXYJQbJjx][J!vwJjlRS]^[RWYJ\ZVYItH`w[lRSQHX+ZaVwvwJ!VYt;Jjx][RWQHXRWQ¤V?j ¶ ]^jxvVYj$jJ#YJ#jlcJ
IVwvwJ?ÄDFEHJkRWQ5[JjlQb]YTY]^TWXYV?jRS[EHIc"]YjJkgb]?cfJ/vPVYQ]C¤J ¶ tHjlRWQbZaRWtHTWJ#cdc`HXYX?J#cf[J/v\J?Ä XuÄ²g=e!D]^T_]^X?jl]YQbv  Ò5|ÏÄ




g=e½]YtHtHTWe5RWQHXÐ](¤VYj ¶ ]Yjlv &jJ#YJ#jlcJvH][x] uV ¶ ]^Qu]^TWe=cR_c!Dp!Æ}ÁyvwJ[J#Za[lcU]YTST-]^jlRW]YgHTWJ#c![Eb]^[vwJt;JQbv
"%$÷"'&
 
	 		 !"#$%'&()	* {?{
V?Q([lEHJRSQuvwJt;JQbvHJQ5[]^jlRW]YgHTSJ/cF]^QbvRSQ b`HJQuZaJP[EHJvHJt;JQbvwJ#Q5[µ]YjR_]^gbTSJ/cPÀñ]YZa[RWYJPµ]YjR_]^gbTSJ/clÃaÄ-DFEbRWc
R_cRWQZVYQ5[jx]Ycf[![lV·VYt;Jjx][V?j!V?JjlTSV5]YvwRWQHXgb]YcJ#v½[V=VYT_cÌ ¶ EHJjlJ+[EHJ`bcJjUEb]?cP[VÐvwJ[JjlIRSQbJ]?Z[lRS?J




ZjJ/]YcRSQbX%Q=`HIguJ#jVYTW]YjX?J]^Qbv°ZVYItHTWJaÁCq ZaVwvwJ/c  {?K=ÌÒ?{HÌ²Ò?HÌ$µ| ÏÄp¬I]µeYVYjZxEb]^TWTSJ#QHXYJVY
]?vµmnVYRWQ5[ZVwvwJRWcPtHjlV=RWvwRWQHXRSQ5[J#jIJ/vwRW]^[J+jJ/cf`bT[xc!jlJ#h5`HRWjlJ#v"Ì"J?Ä XuÄ[V%J]YTS`b]^[JvwJjlRWµ]^[RWYJ/c!VYÅQHV?Q
TWRWQHJ#]YjPV?tuJ#jl]^[RWVYQbc#Ä  ZRSJ#Q5[]YvµmnV?RSQ5[ZaVwvwJ`bcJ#c]·ZaV?IgHRWQb][lRSV?Q}VY$jlJ#Z]YTWZ`HT_][RWQHX·]^QbvjlJ#cf[VYjlRWQHX










ZVwvwJÀ ¶ RS[EHV?`w[[EbJ]YvHvwRS[RWVYQu]^T"IVwvwJTdJ#]^TW`b][lRSV?QbclÃ$R_cRWQ%g;Ja[ ¶ JJ#QÐ]1]?Z[lVYjV^Fa {+V^[Eb]^[V^[EHJ
IVwvwJ#TñÄÅo=J#JP[EHJDp!Æ}Á EHV?I+JUtu]^XYJ W#d¤V?jIVYjlJvHJa[l]YRST_cFVYQ[EbJ]YvµmnV?RSQ5[lcFVY[lEHJ#cJIV=vHJT_cÄ
Dp!Æ}Á XYJ#QHJjx][lJ#cFZaVwvwJ[lVZaVYItH`H[JcJ#ZaV?QbvVYjxvwJjvwJ#jRW][J/cFVYt;Jjx][lRSQHX+RWQ[lEHJcV^ Z]^TWTWJ#v¤V?jf
¶ ]^jxv·VYJ#jjlJYJ#jlcJUIVwvwJÀñqÙPs\ÃaÌuRÏÄ J?Ä[lEHJ bjxcf[!VYjxvwJ#j!vwJ#jRW][RWYJRWcPZaV?I+tb`w[J/vÐRSQ}jJ#YJjxcJUI+VwvwJ
]YQbv%[EbJcJ#ZaV?Qbv%VYjxvwJj!vwJjlRS]^[RWYJRWQ·¤VYj ¶ ]Yjlv%IVwvwJYÄDFEbJZaV?Qbcf[jl`bZ[lJ#v·ZaVwvwJZVYItH`w[lJ#c 	J/ccRW]YQ
[lRSIJ/cYJ/Z[V?jtHjlV=vH`bZ[xcVYjF[lEHJ¤`HTWT 	J/ccR_]^QdÄÅp\T[lJjlQb][lRS?JU]^tHtHjlV?]?ZxEHJ#cC`bcJ[EbJ¤VYj ¶ ]YjlvVYJ#j$¤V?jf
¶ ]^jxvÐIVwvwJÐÀ1q-ÙPq-Ã!V?jD]µe=TSV?jPcJjlRWJ#c!Jawtb]^QucfRWVYQ¦À1Do ÅÃ W ­Ä+qbVYjUclZ]^T_]^jP]^TW`HJ#v½¤`HQbZa[RWVYQbcUq-ÙPs
R_cFI`uZxE1]?cn[lJj/ÌH]^Qbv[lEHJUjJ#TW]^[RWYJPj`bQ[lRSIJUR_cRWQbvwJt;JQuvwJQ5[V^[EbJUQ5`bIg;JjV^kZaV?Q5[jlVYT]^jlRW]YgHTSJ/cÌ
¶ EbRSTWJU[EbJZaV5cn[!V^9qÙPsÈ]YQbv½Do ¼RWQbZjJ/]YcJ#c ¶ RS[E·[lEHRWc!Q=`HIg;Jj/Är QÐ[lEHJV?je?Ìu]jlJT_][lRS?JUj`HQ·[lRSIJ
g;JTWV ¶  cfEHV?`HT_v(g;J][[l]^RWQb]YgHTSJáK^­Ä
p\T[lEHVY`HX?E¤VYj9[EHJP]^g;VYJIJ#Q?[lRSV?QHJ#v+]^tbtHTSR_Z]^[RWVYQbc#ÌYRWQ[lEHJV?je?Ì?]YvmnVYRWQ?[$I+VwvwJ#TWc$]^T_cfVZVY`HT_vEb]µ?J
g;JJ#QÐEb]^Quv%ZVwvwJ#v"ÌutHjlVYgb]YgHTSe?ÌHRWQÐtHjl]?Z[lRWcJYÌ ¶ RS[EbVY`w[!p! QHV?QHJUV^-[lEHJ#cJ]^tHtbTSR_Z]^[RWVYQbc ¶ VY`bTWv%Eb]µ?J
g;JJ#Qt;V?clcRSgHTWJYÄ¦DFEHR_cI+J/]^Qbc+RWQtu]^j[R_Za`HT_]^j[Eb]^[[EHJ#jJ·JawR_cn[QHV¢Eb]YQbvZV=vHJ#v¦ZaVY`bQ?[lJjltb]^j[lc[V
ZVYItb]YjJÐ[lEHJ]Y`w[V?I][R_Z]YTSTWeXYJ#QHJjx][lJ#v¼]YvmnVYRWQ?[·ZaVwvwJ}[VRWQ [lJjlIc(VYJZaRWJQbZeYÄ 	J#QbZaJ?Ì¤VYj







J#]^TW`b][lRSV?QVY![lEHJÐXYjx]YvwRWJQ5[ÐÀ1]?vµmnVYRWQ5[(ZaVwvwJ/ÃaÄ DFEHJ½ZVYItb]^jlR_cfV?QEb]?cguJ#JQ¼Z]YjjlRSJ/vV?`w[VYQ¦[ ¶ V
÷÷ ¾¿ÁÀÁÀÁÀ






X?Tñ Ó MPRWQHÂgb`HjXY­É]^Qbvb]^`Àfa vwRWI+J#QbcRSV?Qb]^T¨ÃCcf`Ht;JjxZaV?Qbvw`bZa[RW=R[ne
Icl]  IRWQHRSI]YT²cf`bjf1]?ZaJU]^jlJ#]
X?T_K ?Y MPRWQHÂgb`HjXY­É]^Qbvb]^`ÀÏKµ vwRWI+J#QbcRSV?Qb]^T¨ÃCcf`Ht;JjxZaV?Qbvw`bZa[RW=R[ne
D]^gHTWJ|wÄ HÊk~\]YI+J/cV^kÆ·RWQHtb]YZxÎ5nKtbjV?gHTSJ#Ic]^Qbv([EHJ#RSj\Q5`bIg;JjV^kZaVwvwJTWRSQbJ#c





o=`HQ Ñ TS[jx]x vwV?`HgHTWJtHjJ/ZaR_cfRWVYQ 1 nÙKÁ$jl]µe·ÁC vwV?`HgHTWJtHjJ/ZaR_cfRWVYQ 1 nÙÈRSQHTWRWQHJ#{bÌ clZ]YTW]Yjl{bÌ ?J#Z[lVYjx{HÌ [l]?cfÎ 
D]^gHTWJ|wÄ HÊkikjlJ#ZRWcRSV?Q%]YQbv%ZaVYItHRWTWJjVYtH[RWVYQbcF`bcJ#v%V?QtHT_][¤VYjlIcÄ
DFEHJUjlJ#c`HTS[lcC¤V?jJ]^TW`b][lRSV?QVY[lEHJUXYjx]YvHRSJ#Q?[ZaVwvwJ/c]^jlJUvwJtHR_Z[lJ#v%RWQ·qRWXbÄÅ|HÄ K¤VYj\ow`HQ Ñ TS[jx]x]YQbvRWQqRWXbÄ9|HÄ {P¤V?jFÁ$jx]µeÁCbÄqbVYj9J#YJ#je[J#cf[$tbjV?gHTSJ#Iy[lEHJjlJT_][lRS?Jj`HQ[lRSIJ?Ì5RÏÄ JYÄ[EHJ\j`HQ[lRSIJ
VYd[EbJ!X?jl]?vwRSJ#Q5[CZaVwvwJZaV?Itb]^jlJ#v[lV[lEHJPj`HQ([RWIJPVYd[EbJ\¤`HQuZ[RWVYQ·ZaVwvwJ?Ì=Eb]YcCg;JJQ%Z]YTWZ`HTW]^[J/v¤VYj
vHRJjlJQ5[ÅQ=`HIguJ#jlckVY"RSQbvHJt;JQbvwJ#Q5[$]^jlRW]YgHTWJ#c#Ä-Ù!Q(o=`HQ Ñ T[ljl]^lF[lEHJEb]YQbv ¶ jlR[[JQZaVwvwJR_c9RWQ¤VY`HjZ#]YcJ#ccTSV ¶ JjF[lEb]^Q·[lEHJDp!Æ}Á X?JQHJ#jl]^[J#v%ZaVwvwJÀñMÉKHÌ obobÁ!Ì MÉÅYÌ 9i9DÃaÄ	V ¶ J?Jj/ÌH]jlJI]^jlÎ]^gHTWJ
vHRJjlJQbZJZ#]^Q°VYQbTSe¢g;JcJJQ¤VYj[lEHJÐMÉK·tHjlVYgbTSJ#I%ÌkRWQ]YTSTCV^[lEHJj+Z]YcJ#cvwRS;J#jJ#QbZaJ/c]^jlJ(cI]^TWTñÄ
pyQHJ#cf[J/v½TWV=VYt½RWQÐ[EbJ¤`HQuZ[RWVYQZaVYItH`H[RWQHX%ZVwvwJVY$MÉKR_cPcftHTWRS[!RWQ?[lV[lEHjJ#JTWV=VYtbc!RSQ½[EHJ+Eb]^Quv
¶ jlRS[f[J#Q}X?jl]?vwRSJ#Q5[!ZaVwvwJ?Ê\VYQbJ¤VYjPRWQ?[lJjlRSV?j!t;VYRWQ5[lcPV^k[lEHJvwVYI]YRSQ}]YQbvÐ[ ¶ V¤V?j!g;VY`bQbvH]^jle·tuV?RSQ5[xcÄ
DFEbRWcEb]YcguJ#JQZVYIIVYQ°tHjx]YZa[R_ZaJRWQEb]^Quv ¶ jRS[f[lJQ]?vµmnVYRWQ5[ZaVwvwJ/cÄÐr QZVYQ5[jx]^jleYÌ-DpPÆ}Á vwV=J#c
QbV^[ctHTWR[[lEHJ(TWV=VYt $kRWQbcf[J/]Yv¢RWQ?[lJjlRSV?j]^Quv¢guV?`HQbvH]YjetuV?RSQ5[lc]^jlJEb]^QuvwTSJ/v°cfRWI`bT[x]^QHJ#VY`bcTSe¢]YcRWc






MÉKUtHjlVYgbTSJ#I%Ä 	J#jJ?Ì?RWQ(IV5cn[FZ]YcJ#c#Ì?[EHJ!jJ#TW]^[RWYJjl`HQ[lRSIJPRSQbZjJ/]YcJ#c$cfTWRSX?E5[TWe ¶ RS[E([EHJPtHjlVYgHTWJI
"%$÷"'&
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TAMC      










DFEHJ 	\J#clcfR_]^Q([RWI+J/cFYJ/Z[V?jZaVwvwJEb]YcCV?QHTSeg;JJ#QÐZaVYItb]YjJ/vVYQ[EbJUow`HQ Ñ T[ljl]^l?ÄkDFEHJjJ/cf`HTS[lcvHJtHR_Z[lJ#v+RSQqRWXbÄk|wÄ ÒcEHV ¶ [EHJjlJT_][lRS?J$jl`HQ+[RWIJV^;[EHJ 	\J#clcfR_]^Q[RWIJ#ck?J#Z[lVYjkZaVwvwJZVYItb]YjJ/vU[V
[lEHJUjl`HQ([lRSIJUVY[lEHJUVYjlRSX?RSQu]^T;¤`HQbZa[RWVYQÐZaVwvwJ?Ä9Ù!QbTSeRWQ·VYQHJUZ#]YcJÀÏMÉK?ÃCRWcC[lEHJDpPÆ}Á XYJQbJjx][J/v
÷÷ ¾¿ÁÀÁÀÁÀ
{?   Á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TAMC      
qRWXY`HjlJP|HÄ {bÊsJ#TW]^[RWYJ!j`HQ[RWI+JPV^XYjx]YvwRWJQ5[$ZV=vHJ\VYQ·Á$jl]µeÁCÀ¤=­]^=R_c$RWcÅ[EHJPQ=`HIg;JjCV^²ZVYQ5[jlVYT
]YjR_]^gHTWJ#cxÃÄ
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hessvec to function time ratio    (gl1 on ultra10)














hessvec to function time ratio    (msa on ultra10)
dimension [1.e5]
















hessvec to function time ratio    (ssc on ultra10)
hand coded
TAMC fw−rv
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ZRW]^[RW=R[neV^P[EHJ}ZxEu]^RWQ¦jl`HTWJYÄ pIVYQHX[EHJ#I%ÌC[lEHJ½EHRWJjx]^jxZxEHR_Z]^T]YtHtHjlV?]?ZxE[Vp\  ÓcfJ#JIc[V
g;J]t;V ¶ J#jf¤`bTIJ[EHVwvwV?TSV?XYe%[VÐvwJ/cfRWXYQ½JZaRWJQ5[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